Functionalized chalcones as selective inhibitors of P-glycoprotein and breast cancer resistance protein.
A library of chalcones with basic functionalities were screened for inhibition of P-glycoprotein (Pgp, ABCB1) by the calcein-AM accumulation assay on MDCKII/MDR1 cells. Three members that had ring A substituted with 5-(1-ethylpiperidin-4-yl) and 2,4-dimethoxy groups were found to increase calcein-AM accumulation to a greater extent than verapamil, a Pgp inhibitor. These compounds were subsequently shown to enhance the uptake of doxorubicin by MCF-7 cells that over-expressed Pgp. However, when tested for inhibition of the breast cancer resistance protein (BCRP, ABCG2) by the mitoxantrone uptake assay, the same compounds fared poorly. In comparison, a non-basic chalcone (5-14, 3-(4-chlorophenyl)-1-(2,4-dimethoxyphenyl)prop-2-en-1-one) increased mitoxantrone uptake by BCRP over-expressing MCF-7 cells (MCF-7/MX) by more than 300% at 5 microM. Thus, introducing a basic group on the chalcone template enhanced Pgp inhibition at the expense of BCRP inhibition. The basic chalcones were also better Pgp inhibitors than their non-basic counterparts which may in turn be better BCRP inhibitors. Structure activity analysis showed that lipophilicity of the chalcones was not the overriding factor for Pgp inhibitory activity. Rather, good activity was associated with appropriately placed electron donor atoms, of which the meta-disubstituted dimethoxy motif on either ring A or B was of particular relevance. In spite of differing structural requirements for inhibition of Pgp and BCRP, chalcone 3-100 [3-(2,4-dimethoxyphenyl)-1-(4-(piperazin-1-yl)phenyl)prop-2-en-1-one] inhibited both Pgp and BCRP to a reasonable extent and may be a useful starting point for the design of dual inhibitors.